Index values among the evaluated groups (p > 0.05). Conclusion: The use of NaOCl combined with PAA increased the BS of brackets bonded with RMGIC. The deproteinization of the group treated with PA reduced the shear bond strength of the brackets.
Introduction
The search for the ideal orthodontic bonding material persists, one that provides physical, chemical, mechanical and biological characteristics to more effectively meet the clinical needs of orthodontists. One of the main challenges lies in achieving a sufficient bond strength that supports both masticatory and orthodontic mechanical loads without being too strong to jeopardize the integrity of the enamel upon removal of the accessories. Furthermore, the ideal bonding system should provide adequate working time for the orthodontist to position the accessories correctly, and it should be biocompatible 1 . The maintenance of adequate oral hygiene alongside the use of fixed braces remains a challenge for orthodontic patients and the development of white spot lesions during the orthodontic treatment is still a source of concern for dental professionals 2, 3 . Bonding materials based on glass ionomer cement (GIC) have been commercially available for a long period of time 4 and these materials possess many important properties, such as biocompatibility with the enamel and dentin, and cariostatic effect. However, conventional GIC-based products exhibit low bond strengths (BSs) for bonding orthodontic brackets [5] [6] [7] . Resin-modified glass ionomer cement (RMGIC) was developed with the purpose of increasing bond strength. This modification has improved the performance of this cement as an orthodontic bonding agent via the addition of resinous components. However, even this higher BS remains below the strengths that were recorded for composite resins [8] [9] [10] . The use of 5.25% sodium hypochlorite (NaOCl) as a enamel deproteinizing agent prior to acid conditioning and bracket bonding with RMGIC has been suggested as a means of increasing bond strength. The removal of organic matter and the acquired pellicle from the enamel would affect the quality of the conditioning performed [11] [12] [13] and consequently increase the BS. However, the number of studies supporting these assumptions is limited and the type of acid (PA) used after deproteinization was not the one recommended by the RMGIC manufacturer.
Thus, this study aimed to evaluate the effects of enamel deproteinization with 5.25% NaOCl on the bonding of *e-mail: dauro.bhe@gmail.com The aim of this study was to evaluate the effects of deproteinization with 5.25% sodium hypochlorite (NaOCl) prior to enamel conditioning with 10% polyacrylic acid (PAA) and 35% phosphoric acid (PA) on the bond strength (BS) of brackets bonded with resin-modified glass ionomer cement (RMGIC). One hundred human premolars extracted for orthodontic reasons were divided into 5 groups (n = 20 in each group): G1 (control), enamel conditioning with PA, application of adhesive and bonding of brackets with Transbond TM XT composite resin (3M/Unitek, Monrovia, CA, USA); G2, enamel conditioning with PAA and bonding with RMGIC (Fuji Ortho TM LC, GC America, Alsip, IL, USA); G3, NaOCltreated enamel, conditioning with PAA and bonding with RMGIC; G4, enamel conditioning with PA and bonding with RMGIC; and G5, NaOCl-treated enamel, conditioning with PA and bonding with RMGIC. Once the brackets were bonded, the teeth were stored in distilled water for 24 hours at room temperature and pressure until being subjected to shear stress in a Universal Mechanical Testing Machine (EMIC  DL 500, São José dos Pinhais, PR, Brazil). The BS value was higher in G1 (17.08 ± 6.39) than in any of the experimental groups (p < 0.05). No statistically significant differences were noted between groups using RMGIC (p > 0.05), except between G3 (9.86 ± 2.90) and G5 (5.00 ± 2.49). No statistically significant differences were noted between the mean Adhesive Remnantbrackets with RMGIC prior to conditioning with polyacrylic and phosphoric acids. Any differences in the BS of brackets bonded with RMGIC to enamels conditioned with polyacrylic acid (PAA) or phosphoric acid (PA) were also assessed.
Consequences of Enamel Preparation with

Material and Methods
One hundred premolars from the Human Teeth Bank linked to the Department of Dentistry of the Pontifical Catholic University of Minas Gerais (Pontifícia Universidade Católica de Minas Gerais -PUC Minas) were acquired free of any soft tissue. The premolars were stored in distilled water at room temperature until they were ready for use. According to the inclusion criteria, all teeth had an intact vestibular surface and no carious lesions, cavitations or restorations. The PUC Minas Research Ethics Committee approved all experimental procedures described in this study.
A mounting device was built to standardize the preparation of the teeth and to ensure proper control during bonding ( Figure 1 ). Each group had the vestibular surface of the teeth cleaned with a mixture of pumice (Asfer Indústria Química Ltda., São Caetano do Sul, SP, Brazil) and water with the help of a rubber cup that was operated at a low speed for 5 seconds. The teeth were randomly distributed into 5 different groups of enamel treatment (n = 20 in each group). Following this step, 0.022'' × 0.028'' Standard Edgewise metallic brackets (American Orthodontics, Sheboygan, WI, USA) were positioned to the centers of the clinical crowns, the excess of the bonding material was removed from the edges of the brackets and light curing was performed. The premolars were divided into the following groups:
G1 -control: enamel conditioned with 35% PA for 30 seconds, rinsed with water for 10 seconds and dried with oil-free compressed air. A thin layer of adhesive was placed and polymerized for 10 seconds. The brackets were bonded with composite resin (Transbond TM XT, 3M/Unitek, Monrovia, CA, USA).
G2 -enamel conditioned with 10% PAA for 20 seconds, rinsed with water for 10 seconds and dried with oil-free compressed air. The surface of the enamel was moistened with water, as recommended by the manufacturer and the brackets were bonded with RMGIC (Fuji Ortho TM LC, GC America, Alsip, IL, USA).
G3 -enamel deproteinized with 5.25% NaOCl for 60 seconds, rinsed with water, air-dried, conditioned with 10% PAA for 20 seconds, rinsed with water for 10 seconds and dried with oil-free compressed air. The surface of the enamel was moistened with water and the brackets were bonded with RMGIC.
G4 -enamel conditioned with 35% PA for 30 seconds, rinsed with water for 10 seconds and dried with oil-free compressed air. The brackets were bonded with RMGIC.
G5: enamel deproteinized with 5.25% NaOCl for 60 seconds, rinsed with water, air-dried, conditioned with 35% PA for 30 seconds, rinsed with water for 10 seconds and dried with oil-free compressed air and the brackets were bonded with RMGIC.
The same operator performed all procedures as per the recommendations of the manufacturers. The polymerization of the bonding material was performed with a photopolymerizer (Hilux TM 250 Halogen, Benlioglu, Ankara, Turkey) for 10 seconds on the mesial, distal, cervical and occlusal surfaces of the brackets.
Once the brackets were bonded, the teeth were stored in distilled water for 24 hours at room temperature, after which they were tested for shear strength. A Universal Mechanical Testing Machine (EMIC  DL 500, São José dos Pinhais, Paraná, PR, Brazil) was used with a 500-Newton load cell at an operating speed of 0.5 mm per minute. The chisel-type tip was attached to the upper portion of the machine and was positioned to evenly contact the bases of the brackets. The values were obtained in Newtons (N) and transformed to megapascals (MPa) using the projection of the area at the base of the bracket (10.55 mm 2 ), as informed by the manufacturer. This study was conducted at the Laboratory of Structural Analysis of the Department of Mechanical Engineering at PUC Minas.
AUSB Digital Microscope (Digivision, Dongguan, Guangdong, China) was used to microscopically photograph the vestibular surfaces of the premolars after debonding of the brackets, at 20X magnification. An examiner analyzed the obtained images, after which the percentage of adhesive remaining on the enamel was scored using the Adhesive Remnant Index (ARI) ranging from 0 to 3, as reported by Artun and Bergland 14 : 0: No adhesive left on the surface of the enamel. 1: Less than 50% of the adhesive remained on the tooth. 2: More than 50% of the adhesive remained on the tooth. 3: All of the adhesive remained on the tooth. Following the debonding of the brackets and the analysis of bonding failure, the enamel surface and remaining adhesive of one tooth from each group were microscopically photographed with a scanning electron microscope (SEM) (Shimadzu SSX-550, Shimadzu do Brasil, São Paulo, SP, Brazil). The randomly selected teeth were subsequently prepared for observation under 500X magnification.
The shear bond strength variable was cardinal in nature and had a normal distribution (normality was assessed using the D'Agostino-Pearson test).The presence of differences in BS between the groups was evaluated by one-way analysis of variance (ANOVA), followed by the Bonferroni post hoc test. The ARI variable was ordinal in nature. Therefore, the Kruskal-Wallis test followed by Dunn's post hoc test was applied to assess any differences in the ARI values between the groups. Statistical tests were performed using GraphPad Prism software (GraphPad Software, San Diego, CA, USA).
Results
The mean value for the shear BS in the control group was significantly higher (p < 0.05) than the values obtained for all other experimental groups. The mean BS was lower in G2 (8.60 ± 5.29) than in G3 (9.86 ± 2.90), although this difference was not significant (p > 0.05). The groups treated with phosphoric acid (G4 and G5) exhibited lower mean BS values than did G2, although no significant differences were identified (p > 0.05). The mean BS was higher in G3 (9.86 ± 2.90) than in G4, although not significantly (p > 0.05). The mean BS was statistically lower in G5 (p < 0.05) than in G3. The mean values and standard deviations for the shear BS in all groups are shown in Table 1 and Figure 2 .
Regarding the ARI values (Table 2) , G3, G4 and G5 showed a tendency for all of the adhesive to remain on the enamel after bracket debonding, similar to that observed in the control group. However, the results obtained for G2 were different from those for the other groups, with less than 50% of the adhesive remaining on the enamel. Despite these tendencies, the Kruskal-Wallis test revealed no significant differences between the ARI values among the studied groups (p > 0.05). Figure 3 illustrates the enamel surfaces and the adhesive remnants corresponding to a sample from each studied group.
Discussion
The mean values for the shear BS observed in groups G1, G2, G3 and G4 were higher than the minimum clinically acceptable values suggested by Reynolds 15 . In contrast, G5 had values below this range.
Espinosa et al. 12 conducted a study that aimed to assess whether the retentive properties of enamel improved with the use of 5.25% NaOCl as a step prior to acid conditioning (37% PA). A larger number of type 1 and 2 decalcification patterns were observed, whereas a predominance of type 3 patterns was noted in the absence of NaOCl. When assessing enamel micromorphology, Silverstone 16 noted a higher degree of retention for type 1 and 2 decalcification patterns than for type 3. The topographic quality of the conditioning cannot be clinically observed.
Espinosa et al. 12 and Justus et al. 17 were pioneers in evaluating whether enamel deproteinization with NaOCl prior to PA conditioning would increase the shear BS of brackets bonded with RMGIC. The BS of these brackets was compatible with that obtained with composite resin. The aforementioned authors did not assess the combination of NaOCl and PAA, which is the type of acid recommended by the RMGIC manufacturer.
Therefore, the present study aimed to assess whether deproteinization of the enamel prior to conditioning with different acids (10% PAA and 35% PA) would increase the BS in brackets bonded with RMGIC. An increase was noted in those groups conditioned with PAA when the enamel was treated with NaOCl, though this difference was not statistically significant when compared with the other experimental groups. A key difference between the data obtained in this study and those presented by Justus et al. 17 was that the increase in BS resulting from the use of NaOCl was statistically significant in the latter report.
A reduction in the BS was noted in the groups conditioned with PA when the enamel was first treated with NaOCl. However, this difference was not statistically significant. This finding implies that when the enamel topography was analyzed after acid conditioning, no significant improvement was noted in the quality of the decalcification pattern in the deproteinized group compared with the non-deproteinized group. These data are in agreement with a study by Ahuja et al. 18 , which reported a reduction in the quality of the decalcification pattern of enamels deproteinized with NaOCl and conditioned with PA Table 2 . Adhesive Remnant Index (ARI) scores for the evaluated groups. (53.58%, types 1 and 2). Pattern types 1 and 2 were found in 55.76% of the enamel surfaces in the group that did not receive NaOCl. Similar to the present study, Ahuja et al.
ARI
18
found no significant differences between the studied groups. However, the aforementioned results are not in agreement with the findings of Justus et al.
17
, who reported a statistically significant increase in BS when NaOCl was used prior to conditioning with PA.
Although the manufacturer recommends PAA, Bishara, Fehr and Jakobsen 19 and Toledano et al. 20 reported that the BS of RMGIC is only clinically acceptable when the enamel is conditioned with PA. Reduced BS was noted when the enamel was treated with 10% or 20% PAA. Pithon et al. 3 also reported that brackets bonded with RMGIC and previously conditioned with PA might display satisfactory values of shear BS, similar to those observed for brackets bonded with composite resin. The authors of the present study considered testing and comparing the BS of brackets conditioned with PAA and PA as one of the study goals.
Bishara et al. 21 reported results similar to those of this study. These researchers concluded that the group of brackets bonded with RMGIC and previously treated with PAA showed greater shear BS compared with the group with enamel treated with PA. Horiuchi et al. 4 microscopically observed enamel surfaces after acid conditioning using different agents (including PAA and PA) and subsequently conducted tests of shear strength on brackets bonded with composite resin. Surfaces conditioned with PAA remained virtually intact, whereas those conditioned with PA acid were porous. In contrast, the samples conditioned with PAA had greater BSs compared with those treated with PA. These values agree with those from this study. Despite the addition of resinous components to the liquid of conventional GIC, RMGIC maintained some of the good properties of conventional glass ionomer cements and also gained several advantages, including improved working time and initial mechanical properties. However, the final resistance of RMGIC is not greater than that of conventional GIC 21, 22 . Polyacrylic acid has been used to condition surfaces that subsequently receive conventional GIC or RMGIC. Unlike phosphoric acid, PAA is composed of large molecules and minimally penetrates the dental enamel only promoting cleaning of the surface. After the enamel is treated with PAA, the bonded RMGIC displays no extensions (tags) into the enamel structure. Therefore, RMGIC bonding has been shown to be more chemically activated than mechanically activated 23 . Considering the aforementioned fact and the findings obtained in this study, it can be concluded that the size of the acid molecules may not significantly influence the retention of the RMGIC.
No significant differences were noted in the ARI values between the evaluated groups. These data contradict the findings from Justus et al. 17 , which showed that the cement predominantly remained on the enamel in groups of teeth treated with NaOCl prior to acid etching.
Enamel deproteinization using NaOCl as a complement to acid conditioning to enhance BS is an innovative technique rarely reported in the literature that should be better tested in terms of both clinical and laboratory aspects. Even with the help of NaOCl, acid conditioning with polyacrylic and phosphoric acids was insufficient to obtain shear BS values similar to those obtained with composite resins.
Conclusions
This study allows us to draw the following conclusions:
• Enamel deproteinization with NaOCl prior to conditioning with polyacrylic and phosphoric acid not promote significant improvements in strength of brackets bonded with RMGIC; • No differences were noted between the BS values of brackets bonded with RMGIC on enamels conditioned solely with polyacrylic or phosphoric acid; • No differences were noted between the amounts of adhesive remaining in each group after debonding of the brackets bonded with RMGIC. 
